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1. Introduction 

The last 3 decades have witnessed amazing progress in Heavy Flavor physics. To test the SM 
and search for new physics, the precise measurements of CKM matrix elements have been one of 
the focus of current HEP efforts. However, our discovery potential is limited by our ability to relate 
the world of hadrons to the world of quarks, that is, the systematic errors due to non-pertubative 
QCD. 

The CLEO-c program at t/r(3770) is an important part of the global efforts in heavy flavor 
physics. The precise measurements of decay constants f£,+ and will test the Lattice QCD 
calculation and gain confidence in the theoretical prediction of /g. The decay D+ ^ l^v proceeds 
by the c and d quarks annihilating into a virtual 1T+, with a decay width |jl|] 

= \Vcd\^ , ( 1 . 1 ) 

where Mq+ is the D+ mass, is the mass of the final state lepton, \Vcd \ is a CKM matrix element 
that we assume to be equal to |F„i|, and Gp is the Eermi coupling constant. 

2. Data Sample and Event Selection 

In this study we use 281 pb^' of data produced in collisions using the Cornell Elec¬ 
tron Storage Ring (CESR) and recorded at the t/r" resonance (3.770 GeV). Our analysis strategy 
is to fully reconstruct the D meson in one of six decay modes listed in Table [I] and search for a 
D+ decay in the rest of the event. Track selection, particle identification (PID), 7i^, Ks, and 

muon selection cuts are identical to those used in Ref. |j^. 

Table H gives the numbers of signal and background events for each mode within the signal 
region, defined as mp, — 2.5 Omec < + 2.0 Omsc^ where Omsc r.m.s. width of the 

lower side of the distribution. 


Mode 

Signal 


Background 


77387 

± 

281 

1868 


24850 

± 

214 

12825 

Ksn- 

11162 

± 

136 

514 


18176 

± 

255 

8976 

KsTi^'nP 

20244 

± 

170 

5223 

K+R-n- 

6535 

± 

95 

1271 

Sum 

158354 

± 

496 

30677 


Table 1: Tagging modes and numbers of signal and background events. 

Using our sample of D candidates we search for events with a single additional charged track 
presumed to be a /r+. The track must make an angle >35.9° with respect to the beam-line, deposit 
less than 300 MeV of energy in the calorimeter, characteristic of a minimum ionizing paiticle, and 


202/2 


PoS(HEP2005)202 










Leptonic Z)+ Decays from CLEO-c 


Yongsheng Gao (for CLEO Collaboration) 



Figure 1: Left: Beam-constrained mass for the sum of fully reconstructed D decay candidates. The 
solid curve shows the fit to the sum of signal and background functions, while the dashed curve indicates 
the background. Right: MM^ using D tags and one additional opposite sign charged track and no extra 
energetic clusters (see text). The insert shows the signal region for D+ —> /r+V enlarged; the defined signal 
region is shown between the two arrows. 

not be identified as a kaon. Then we infer the existence of the neutrino by requiring a measured 
value near zero (the v mass squared) of the missing mass squared defined as 

mm2 ^ (2.1) 

where pj^ is the three-momentum of the fully reconstructed D . 

In order to restrict the sample to candidate /i+v events, we select events with only one charged 
track in addition to the tagging D . Events with extra tracks originating within 0.5 m (radially) of 
the event vertex are rejected, as are events having a maximum neutral energy cluster of more than 
250 MeV. These cuts are highly effective in reducing backgrounds especially from D+ ^ 71+71*^ 
decays, but they introduce an inefficiency because the decay products of the tagging D can interact 
in the detector material leaving spurious tracks or clusters. 

3. Results 

The mm 2 distribution is shown in Fig. |^. We see a peak near zero containing 50 events within 
the interval —0.050 GeV2 to -1-0.050 GeV2, approximately ±2a wide. The peak is mostly due to 
D+ ^ /i+v signal. The large peak centered near 0.25 GeV2 is from the decay D+ ^ Z^7r+ that is 
far from our signal region and is expected, since many Ki escape our detector. 

There are several potential background sources; these include other D+ modes, misidentified 
events, and continuum including . Hadronic sources need to be considered 

because the requirement of the muon depositing less than 300 MeV in the calorimeter, while about 
99% efficient on muons, rejects only about 40% of pions or kaons as determined from a pure sample 
of ^ decays. 
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There are a few specific D+ decay modes that contribute unwanted events in the signal re¬ 
gion. Residual 71 +tt** background is determined from a simulation that uses a branching fraction of 
(0.13±0.02)% 0 and yields 1.40±0.18±0.22 events; the first error is due to Monte Carlo statistics, 
and the second is systematic, due mostly to the branching ratio uncertainty. We find background 
from D+ ^ T+v only when T+ —> tt+v. Since the T+v branching ratio is known to be 2.65 times 
the /i+v rate from Eq. |1.1| , our simulation gives 1.08±0.15±0.16 events, where the systematic er¬ 
ror arises from our final uncertainty on the /r+v decay rate. The mode (branching ratio of 

(2.77±0.18)% [Ql) gives a large peak in the MM^ spectrum near 0.25 GeV^. While far from our 
signal region, the tail of the distribution can contribute. Our total background is 2.81±0.30±0.27 
events. We have 47.2±7.1+Qg /i+v signal events after subtracting background. The detection 
efficiency for the single muon of 69.4% includes the selection on MM^ within ±2a limits, the 
tracking, the particle identification, probability of the crystal energy being less than 300 MeV, and 
corrections for final state radiation. It does not include the 96.1% efficiency of not having an¬ 
other unmatched cluster in the event with energy greater than 250 MeV. We also need to account 
for the fact that it is easier to find tags in /i+v events than in generic decays by a small amount, 
(1.5±0.4±0.5)%, as determined by Monte Carlo simulation. 

Our result for the branching fraction, using the tag sum in Table |I|, is 

fL+v) = (4.40±0.66lJJ;?^) x 10^^ . (3.1) 

The decay constant //)+ is then obtained from Eq. ( |1.1D using 1.0403=0.007 ps as the D+ life¬ 
time [^, and \Vcd \ = 0.22383=0.0029 [Q]. (We add these two small additional sources of uncertainty 
into the systematic error.) Our final result is 

/z)+ = (222.6 =b lentil) MeV . (3.2) 

We use the same tag sample to search for D+ —> We identify the electron using a 

match between the momentum measurement in the tracking system and the energy deposited in the 
Csl calorimeter as well as insuring that the shape of the energy distribution among the crystals is 
consistent with that expected for an electromagnetic shower. Other cuts remain the same. We do 
not find any candidates, yielding a 90% C.E. limit of —>■ e+Vg) < 2.4 x 10^^ . 
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